Background: most people in contemporary western society die of the chronic diseases of old age. Whilst palliative care is appropriate for elderly patients with chronic, non-malignant disease, few of these patients access such care compared with cancer patients. Objective referral criteria based on accurate estimation of survival may facilitate more timely referral of noncancer patients most appropriate for specialist palliative care. Objective: to identify tools and predictor variables that might aid clinicians estimate survival and assess palliative status in non-cancer patients aged 65 years and older. Methods: systematic review and quality assessment using criteria modified from the literature. Results: 11 studies that evaluated prognoses in hospitalised and community-based older adults with non-malignant disease were identified. Key generic predictors of survival were increased dependency of activities of daily living, presence of comorbidities, poor nutritional status and weight loss, and abnormal vital signs and laboratory values. Disease-specific predictors of survival were identified for dementia, chronic obstructive pulmonary disorder and congestive heart failure. No study evaluated the relationship between survival and palliative status. Conclusion: prognostic models that attempt to estimate survival of ≤6 months in non-cancer patients have generally poor discrimination, reflecting the unpredictable nature of most non-malignant disease. However, a number of generic and disease-specific predictor variables were identified that may help clinicians identify older, non-cancer patients with poor prognoses and palliative care needs. Simple, well-validated prognostic models that provide clinicians with objective measures of palliative status in non-cancer patients are needed. Additionally, research that evaluates the effect of general and specialist palliative care on psychosocial outcomes in non-cancer patients and their carers is needed.
Introduction
In developed countries with ageing populations more people now die of chronic circulatory and respiratory conditions than of cancer [1, 2] . At least half of all cancer patients in the UK receive some kind of specialist palliative care during the course of their illness [3] . This type of care is normally delivered by specialist multi-disciplinary teams whose activities are focused on a significant minority of people with advanced incurable disease, typically cancer patients [3] . By contrast, general palliative care has been defined as a vital and routine part of clinical practice that aims to promote physical and psychosocial health, regardless of diagnosis or prognosis [3, 4] . Whilst it is widely acknowledged that palliative care is appropriate for patients with life-threatening, non-malignant disease, there is strong evidence of unmet need for symptom control, psychosocial and family support, informed and open communication and choice at endof-life among this population [5] [6] [7] . Furthermore, there is limited evidence that at least a fifth of patients with endstage, non-malignant disease have comparable levels of symptom severity and psychosocial needs as cancer patients in receipt of specialist palliative care [8] . In the UK, 95% of patients receiving inpatient hospice care, home care or day hospice care have a diagnosis of cancer [9] .
It does not logically follow that because there is evidence of inequities of access to hospice care and unmet needs among non-cancer patients that specialist palliative care
Prediction of appropriate timing of palliative care for older adults 219 services should be extended to this group. There are many barriers to extending specialist palliative care services to older patients dying from non-malignant disease. These include concerns that such an expansion might lead to skills and funding shortages and, in turn, compromise the ability of existing specialist palliative care teams to provide care to cancer patients. In addition, little is known about the acceptability of specialist palliative care services among noncancer patients-the attitudes of this group of potential new users has been peculiarly overlooked in efforts to extend the reach of specialist palliative care. But perhaps the main barrier to extending specialist palliative care services to older, non-cancer patients relates to clinicians' reluctance and/or inability to define palliative status and predict time to death in this group [8] .
In the UK, disagreements between medical professionals about the suitability of patients for palliative care are commonplace [10, 11] . Clinical predictions of survival for terminally ill cancer patients are generally over-optimistic, in some cases up to a factor of about five [12] . Compared with cancer, determining prognosis is more complicated in lifethreatening, non-malignant disease. Most of these diseases have 'entry-re-entery' death trajectories, involving episodic, acute exacerbations, frequent hospitalisation, stabilisation and steady decline, making determination of palliative status and referral to hospice care more problematic [13] .
The development of objective referral criteria, based on reliable prognostic estimates, may overcome some of the problems related to the identification of older patients dying of non-malignant disease who may benefit from specialist palliative care. A number of prognostic tools have been developed to assist clinicians in assessing short-term survival in terminally ill cancer patients [14, 15] , but their usefulness in non-cancer patients is not known. We have therefore undertaken a systematic review to identify and evaluate potential decision-making tools and predictor variables that might aid clinicians determine short-term (≤6 months) survival in older, non-cancer patients. A survival estimate of ≤6 months is used to decide eligibility for Medicaid/Medicare hospice benefits [16] and Disability Living Allowance under special rules [17] and could therefore provide some guidance about appropriateness and timing of specialist palliative care for older, non-cancer patients.
Methods

Search strategy
Relevant articles were identified and retrieved from electronic searches of Medline, EMBASE, PsychINFO, CINAHL, British Nursing Index, HMIC, ERIC, ASSIA, Social Sciences Citation Index, Science Citation Index, Regard and Zetoc. The Cochrane Library was searched using an adapted version of the search strategy. All electronic searches were undertaken in November 2003 and date from the first issue of the respective databases. Unpublished sources and work in progress were searched using SIGLE, Current Controlled Trials (metaRegister of Controlled Trials), National Research Register and Research Findings Electronic Register. All searches were supplemented by database auto-alert services (up to March 2004), searches of web resources in palliative and supportive care, reviews of reference lists of identified studies, consultation with experts in the field and correspondence with authors.
The search strategy was devised in accordance with the guidelines and recommendations of the Cochrane Collaboration [18] and Centre for Reviews and Dissemination [19] . The search was not restricted by language of publication nor by study design and/or quality. Keywords (single MeSH and text words) were combined to identify all articles that evaluated the use of prognostic tools, variables or risk factors to aid estimation of survival or determine palliative status in adults aged ≥65 years with non-malignant life-threatening disease. The full search strategy is available from the corresponding author (C.J.T.). An article was excluded if: (i) the study population was <65 years, consisted exclusively of cancer, trauma or non-terminal patients; (ii) it described patient-or family-based decision aids; (iii) the study aimed to identify patients appropriate for therapeutic rather than palliative interventions; (iv) it was a review or an editorial.
Please see Appendix 1 and 2 in the supplementary data on the journal website (www.ageing.oupjournals.org) for a review of the data abstraction and quality assessment process.
Due to the heterogeneity of studies a formal meta-analysis of results was not appropriate. A non-statistical descriptive approach was used to contrast and compare the main characteristics and findings of each study.
Results
Electronic and hand searches identified 979 citations. Initial screening of the electronic search resulted in selection of 85 non-duplicate abstracts for further analysis (Figure 1 ). Of these, 48 merited full-text analysis and were read by a member of the review team (P.A.C.). Thirty articles did not meet the inclusion criteria. Of the 18 remaining studies, inclusion was uncertain in 12, which were independently assessed by two other members of the review team (C.J.T./G.E.G.). Following a consensus meeting, 11 studies were included in the review. Please see Appendix 3 and 4 in the supplementary data on the journal website for the results of the quality assessment exercise.
The study characteristics and main findings of the 11 studies are presented in Table 1 . Three studies reported disease-specific prognostic models [27] [28] [29] , two reported generic prognostic models [30, 31] , three evaluated predictor variables for short-term (≤6 months) survival in dementia patients [32] [33] [34] and three evaluated predictor variables for longer-term survival (≤5 years) in chronic obstructive pulmonary disorder (COPD) [35] [36] [37] .
Disease-specific prognostic models
Of the three (grade A) studies that reported disease-specific prognostic models, two (Knaus [27] , Fox [28] ) evaluated the accuracy of methods to estimate 6-month survival in a subset of patients in the SUPPORT trial with a diagnosis of COPD, congestive heart failure (CHF) and end-stage liver disease (ESLD). Although the SUPPORT model, combined P. A. Coventry et al.
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with physicians' own estimate, had good predictive power when applied to all disease groups (ROC curve area = 0.82), it had poor positive discrimination when applied to the group that incorporated COPD, CHF and ESLD patients (n = 1111(ROC curve area = 0.75)).
The (US) National Hospice Palliative Care Organization (NHPCO) guidelines for determining prognosis in non-cancer diseases [38] were similarly ineffective in predicting ≤6 month survival in a group of SUPPORT patients with COPD, CHF and ESLD: 81% of COPD patients with evidence of cor pulmonale and 77% with hypoxaemia (≤55 mm Hg while on supplemental oxygen) were alive at 6 months; 73% of CHF patients with ejection faction ≤20% and 75% with documented arrhythmia were alive at 6 months; 69% of ESLD patients with documented cachexia and 45% with creatinine ≥153 µmol/l were alive at 6 months [28] . On the basis of these results neither the SUPPORT model nor prognostic criteria analogous to the NHPCO guidelines are able to predict accurately 6-month survival in seriously ill patients hospitalised with COPD, CHF or ESLD.
By contrast, Lee et al. showed that a prognostic model, based on routine clinical and demographic data available on admission, may be used to predict 30-day and 1-year survival in some elderly community-based CHF patients, but the model has yet to be validated in a UK setting [29] . A corresponding risk index may aid clinicians in counselling patients and families about end-of-life treatment and care.
Generic prognostic models
Only one (grade B) study measured the ability of a dedicated prognostic tool-the Palliative Prognostic (PaP) score-to improve end-of-life clinical decision making in patients with non-malignant disease [30] . The PaP score comprises four Mortality in COPD patients after 5 years. After 5 years 31 of the 144 patients available for follow-up had died. Univariate analysis showed that the SGRQ total score ( P = 0.00017 ) and the BPQ ( P = 0.0044) were significantly associated with mortality. In the multivariate model peak VO 2 uptake (P < 0.0001) and SGRQ total score (P = 0.012) were both predictive of mortality independent of age and FEV 1 . Stepwise multivariate analysis revealed that peak VO 2 (P < 0.0001) and age (P = 0.0024) were the most significant predictors of mortality Prediction of appropriate timing of palliative care for older adults 225 clinical and two laboratory items but the main contributor to the total score is the clinicians' prediction of survival (CPS). About 60% of the patients in Glare et al.'s study had very poor performance ratings (KPS = ≤20) and a CPS of <1 month. At the end of the study, >60% of all patients had died within a month; agreement between CPS and actual survival was moderate (κ = 0.59). These results offer preliminary evidence that the PaP score can be used to predict 30-day survival in non-cancer as well as cancer patients.
Walter et al. have developed an index to estimate risk of 1-year mortality in all elderly adults aged ≥70 years discharged from hospital [31] . This (grade A) study reported that the presence or absence of six risk factors (see Table 1 ) was significantly associated with increased risk of 1-year post-hospital mortality. Importantly, after adjustment for functional status and comorbidity, age did not improve the predictive power of the index. This bedside risk-scoring system may offer clinicians quantitative guidance for decision making, including appropriateness of palliative care for older adults with life-threatening non-malignant disease.
Predicting survival in dementia patients
Three studies (one grade B, two grade C) evaluated the accuracy and usefulness of medical guidelines (based on the NHPCO's recommendations) to determine prognosis in hospice-based patients with dementia [32] [33] [34] . The level of evidence in these studies ranged from poor to moderate. They report that presence of advanced dementia (equal to stage 7C of the FAST scale), along with history of medical complications and dependency of ADLs are prognostic for ≤6 month survival in dementia patients referred to home or hospice programmes. Further validation is needed to assess the prognostic value of these variables in the general dementia population.
Prognosis in COPD
Three studies (two grade A, one grade B) evaluated correlates of longer-term mortality (≤5 years) in relatively stable, community-based COPD patients [35] [36] [37] . Their findings suggest that, in addition to age and FEV 1 , MTCSA, level of dyspnoea, peak VO 2 and SGRQ total score should be evaluated in determining long-term prognosis in communitybased and stable COPD patients aged 65 years and older. These prognostic measures may help clinicians avoid inappropriately early referral to specialist palliative care for a subset of community-based COPD patients, but further research is needed to assess their acceptability and feasibility in routine clinical practice.
Discussion
This systematic review summarises the results of 11 studies identified in the literature that met our inclusion criteria and which evaluated the ability of prognostic models and factors to predict survival in older adults with life-threatening, nonmalignant disease. A number of general and disease-specific factors were found to be significantly associated with survival. The specific findings from the 11 papers can be generally split up by disease entity-dementia, CHF and COPD-although that was not our original aim.
Chief among the specific predictors of short-term survival in dementia were loss of ambulatory function and impaired speech-equal to stage 7C of the FAST scale. However, in the three studies that assessed survival in dementia patients, the weight of evidence presented was generally poor. Sample sizes were small and those patients whose disease progression was not linear could not be scored using the FAST scale, leading to a reduction in its sensitivity. For example, Luchins et al. [33] report that only about half of patients could be rated using the FAST scale. Additionally, the study samples were enrolled in hospice programmes and it is uncertain how accurate prognostic criteria recommended by the NHPCO would be in predicting survival in the general dementia patient population [39] .
For COPD, reduced pulmonary function (FEV 1 < 30%), arterial blood gas measures and cor pulmonale with pulmonary hypertension are established predictors of poor prognosis in severely affected patients [40] . However, in recognition that FEV 1 may not be the single most important evaluative parameter in non-hospitalised patients, a number of other, novel prognostic factors were identified. These included dyspnoea, muscle mass, health status and exercise capacity. The MRC dyspnoea scale is a measure of respiratory trauma, but Nishimura et al. show it to be more discriminatory than FEV 1 in assessment of disease severity and survival in COPD. The level of dyspnoea may thus be a useful adjunct to FEV 1 in clinical evaluation of COPD patients. Measures of systemic change are also associated with mortality. As with other chronic diseases, weight loss in COPD is common and characterised by preferential muscle loss. Therefore, muscle mass and not body weight may be a more important predictor of mortality, especially when obesity and fluid retention are clinically manifest [41] . In addition, Oga et al. showed that systemic measures of change in health status and exercise capacity may be as important as functional parameters in the multi-factor evaluation of relatively stable COPD patients. More specifically, on the basis of this review, the SGRQ is the health status measure of choice, whilst peak VO 2 is perhaps the preferred measure of exercise capacity over, for example, maximal work rate, which has been used in younger COPD patients [42] .
For CHF, specific predictors of mortality included advanced age, LVEF <40%, arrhythmia and systolic hypotension. Additional variables identified were comorbidities of cancer, cerebrovascular disease, liver cirrhosis, COPD and dementia, and laboratory and clinical parameters. The prognostic model developed by Lee et al. appears to offer clinicians assistance in identification of heart failure patients at higher risk of mortality, but it has yet to be validated in the general, non-hospitalised population. In the UK at least, not enough is known about disease severity and prognoses in typical community-based populations with symptomatic heart failure, some of whom will be appropriate for palliative care [43] . As with COPD, differences between hospitalised and community-based patients should be acknowledged when determining short-term survival and appropriateness of palliative care in patients with CHF.
Of the generic measures reviewed, the prognostic index for elderly adults developed by Walter et al. may be useful for determining 1-year survival in older patients discharged from hospital. However, problems of recall, computation and a failure to associate this risk index with instructions for appropriate therapeutic or palliative care are likely to restrict its acceptance and use among clinicians [44] . By contrast, the PaP score does offer a degree of quantitative guidance about the appropriateness of immediate referral to palliative care. However, although the PaP score is a well-validated and simple measure of short-term survival in cancer patients, evidence of its accuracy in older non-cancer patients is only of moderate quality. Glare et al. pooled data collected from a small and highly heterogeneous palliative population that included trauma and AIDS patients [30] . In addition, the main component of the PaP score is the CPS. Clinical estimates of survival are known to be frequently inaccurate in cancer patients and particularly problematic in patients dying from causes other than cancer. The overall accuracy of the PaP score may be reduced when calculated by inexperienced clinicians and in cases of nonmalignant disease with unpredictable death trajectories.
Limitations
Our initial aim was to identify studies that described tools or variables that might aid clinicians in assessing survival and appropriateness of specialist palliative care in elderly adults with life-threatening, non-malignant disease. Estimated survival is likely to form part of the assessment of appropriateness for palliative care and we have suggested that prognoses of 6 months or less may signify the most appropriate time for referral to specialist palliative care, but this cut-off may not be applicable in all cases. The results of the review may have differed greatly had the search strategy been designed to identify studies about prognoses alone-the literature on prognoses is large and we may have excluded or overlooked studies that described measures of survival in non-malignant disease. However, the studies reviewed present a set of potentially useful generic and disease-specific variables for assessing short-and long-term survival in three disease groups that have established, but unmet palliative care needs: dementia, COPD and CHF.
Epidemiological and prognostic studies that report significant associations are more likely to be published than those that fail to report positive findings [45] and the findings of this review may therefore be limited by publication bias. In addition, only two out of the 11 included studies fully described treatments given to patients, thus making it impossible to provide an unbiased assessment of the prognostic ability of all factors.
Recommendations
Compared with cancer patients, the end-of-life experiences of non-cancer patients are heterogeneous, reflecting the unpredictable nature of chronic, non-malignant disease [46, 47] . Attempts to predict short-term survival and identify noncancer patients appropriate for palliative care may therefore be, at best, impractical and, at worst, unrealistic. Indeed, basing criteria for referral to specialist palliative care solely on prognostic estimates may lead to the palliative care needs of some non-cancer patients with, for example, favourable prognoses, being overlooked. Linking the provision of specialist palliative care too closely with prognosis precludes the development of models of palliative care that are responsive to patients' needs at all stages of disease, from diagnosis through to the end of life [48] .
However, uncertainty about the onset of palliation and time to death in older, non-cancer patients is, undoubtedly, compounded by problems of prognostication in this group. To some extent, this problem stems from clinicians' lack of training in prognostication [49] , but it also relates to the need for simple, well-validated prognostic models with good calibration, inter-rater reliability and generalisibilty [50] . Specifically, this review has identified a need for research of the potential prognostic role of social as well as physical factors in older, non-cancer patients. Spiritual beliefs have also been shown to be predictive of clinical outcome in cancer patients but have yet to be investigated in non-cancer patients [51] . There is also an equally pressing need for research that evaluates best practice in the management of older, non-cancer patients. Some life-threatening nonmalignant diseases may be more appropriately managed by mixed models of care that offer both active and palliative treatments right up to the time of death. To understand this better we need research that addresses the impact of general and specialist palliative care on the physical and psychosocial health of non-cancer patients and their carers.
Conclusion
This systematic review identified 11 studies that aimed to evaluate prognosis in older adults with life-threatening, nonmalignant disease. A number of general and disease-specific prognostic factors were identified but the heterogeneity of non-cancer patient populations and the unpredictable course of non-malignant disease compounds problems of prognoses in this group. No prognostic model presented in this review can be recommended for routine clinical use without further validation. Social and psychological factors have also not been well investigated and may play a part in the determination of survival and/or palliative status in non-cancer patients. Additionally, it is not known whether specialist palliative care is the preferred and most appropriate model of care for older, non-cancer patients. Intervention studies that assess the effect of all forms of palliative care on physical and psychosocial outcomes in non-cancer patients and their carers is needed.
Key points
• It is difficult to accurately predict ≤6 month survival in non-cancer patients-even the best models have poor discrimination.
• This difficulty probably reflects the unpredictable natural history of most non-malignant disease.
• There is a need for simple and well-validated prognostic models that enhance clinicians' own estimates of survival and offer guidance about future care strategies.
• Referral to specialist palliative care for older, non-cancer patients needs to be based on criteria other than survival alone, but better estimates of survival may facilitate decision making about appropriate palliative care.
